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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an antenna
device and a method for manufacturing the device.

BACKGROUND OF THE INVENTION

[0002] In the related art, there has been developed a
miniature antenna to be used for the communications of
ultrashort waves. Especially in the communication
standards called the UWB (Ultra-wideband), the com-
munication rate can be raised, but the band to be used
is usually as wide as 3.1 GHz to 10.6 GHz. Therefore,
it has been desired to develop the antenna device,
which can pick up electric waves of such wide range ef-
ficiently. In the related art, the biconical antenna or the
discone antenna has been known as the antenna device
having wideband frequency characteristics. In Japa-
nese Patent No. 3,273,463, for example, there is dis-
closed a wideband antenna device using a semicircular
radiation plate. With a view to reducing the size of the
antenna device, moreover, there have been proposed
antenna devices of various shapes to reduce the size of
the wideband antenna such as a bow-tie antenna (JP-A-
2002-135037).

SUMMARY OF THE INVENTION

[0003] In this antenna device, however, the biconical
antenna or discone antenna has a large shape so that
its use is difficult as an antenna device of the type
mounted in a device. Moreover, the antennas disclosed
in Japanese Patent No. 3,273,463 and JP-A-
2002-135037 have complex shapes, and their occupied
volumes are not small for the antenna device. Moreover,
electrodes of various shapes are combined, but they are
basically flat-shaped radiation electrodes. If the elec-
trodes are narrowed, therefore, their band is also nar-
rowed. Thus, the antenna device of the related art has
found a limi tin its miniaturization. Moreover, the flat-
shaped conductor member protrudes by itself and may
not retain a sufficient strength.

[0004] The invention contemplates to solve those
problems and has an object to provide an antenna de-
vice, which is excellent in size reduction and mountabil-
ity while retaining strength. Another object of the inven-
tion is to provide an antenna device, which can corre-
spond to ultra-wide frequency bands while reducing the
size of its antenna.

[0005] In order to achieve the above-specified ob-
jects, according to a first aspect of the invention, there
is provided an antenna device comprising: a substrate;
a radiation portion including a dielectric block arranged
on one principal face of the substrate and a first conduc-
tor layer formed in a stereoscopic shape on the surface
of the dielectric block; and an earthing conductor includ-
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ing a second conductor layer formed on the other prin-
cipal face of the substrate. This antenna device may fur-
ther comprises a feeder line extending over the principal
face of the substrate, from a feeder portion disposed at
one end of the first conductor layer. Moreover, the earth-
ing conductor may also be formed on a partial region on
the other principal face of the substrate, and the radia-
tion portion may also be arranged on such a region on
the one principal face as avoids the region having the
earthing conductor formed.

[0006] According to a second aspect of the invention,
there is provided an antenna device comprising: an an-
tenna element including: a substrate; a radiation portion
having a dielectric block arranged on one principal face
of the substrate, and a first conductor layer formed in a
stereoscopic shape on the surface of the dielectric
block; an earthing conductor having a second conductor
layer formed on the other principal face of the substrate;
and a feeder line extended over one principal face of the
substrate from a feeder portion disposed at one end of
the first conductor layer. The earthing conductor is
formed in a partial region of the other principal face of
the substrate, and the radiation portion is arranged clos-
er to the peripheral edge portion of the substrate and on
the one principal face corresponding to the region avoid-
ing the partial region having the earthing conductor
formed. In this antenna device, the radiation portion may
also be arranged closer to either one side of the sub-
strate in a direction along the side portion of the earthing
conductor opposed to the radiation portion across the
substrate.

[0007] In the invention, the first conductor layer may
also be formed on at least such three faces of the sur-
face of the dielectric block as except a contact face to
contact with the substrate. Moreover, the first conductor
layer may also be formed continuously at a portion of
such a contact face in the dielectric block as to contact
with the substrate. Alternatively, the first conductor layer
may also be formed on such a contact face of the sur-
face of the dielectric block as to contact with the sub-
strate and the faces being adjacent to the contact face.
[0008] In the invention, moreover, the first conductor
layer may also be formed in a radial shape from the feed-
er portion disposed at one end of the first conductor lay-
er toward the other end.

[0009] Moreover, the first conductor layer may also be
formed in a radial shape from the feeder portion dis-
posed at the edge portion of the first conductor layer
away from the region having the earthing conductor
formed.

[0010] The dielectric block in the invention may also
be made of any of alumina, calcium titanate, magnesium
titanate and barium titanate. Moreover, the dielectric
block may also have a specific dielectric constant of 15
or less.

[0011] Moreover, the first conductor layerin the inven-
tion may also be formed in such a radial shape having
a center angle of 80 degrees or more and 180 degrees
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or less with respect to a straight line joining the feeder
portion disposed at one end of the first conductor layer
and the other end of the first conductor layer.

[0012] Moreover, the earthing conductor in the inven-
tion maybe further formed along the feeder line on one
principal face of the substrate, and the feeder line may
also construct a coplanar line.

[0013] According to another aspect of the invention,
there is provided a method for manufacturing an anten-
na device, comprising: the step of forming a dielectric
member into a predetermined shape; the step of forming
a feeding electrode to act as an antenna feeding portion
at a predetermined portion of the dielectric member; the
step of forming a conductor on the surface of the dielec-
tric member so that the conductor may be entirely
formed into a stereoscopic shape from the position of
the feeding electrode backward from the dielectric mem-
ber; and the step of arranging the dielectric member
having the conductor formed, on the other principal face
of the substrate having an earthing conductor formed.
[0014] According to the invention, it is possible to re-
alize both the size reduction and the range widening of
an antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a perspective view showing an antenna de-
vice 100 according to a first embodiment of the in-
vention in the direction from a radiation portion 120;
Fig. 2 is a perspective view showing the antenna
device 100 according to the embodiment in the di-
rection backward from the radiation portion 120;
Fig. 3 is an enlarged view showing the shape of the
radiation portion 120 in the antenna device 100 ac-
cording to the embodiment;

Fig. 4 is a development of the radiation portion 120
in the antenna device 100 according to the embod-
iment;

Fig. 5 is a view showing the radiation portion 120 in
the antenna device 100 according to the embodi-
ment in the direction from the joint face to a sub-
strate 110;

Fig. 6 is a flow chart showing a manufacturing proc-
ess of the radiation portion 120 of a manufacturing
method of the antenna device 100 in the embodi-
ment;

Fig. 7 is a diagram illustrating frequency character-
istics in an example according to the embodiment;
Fig. 8 is a diagram illustrating a relation between
the embodiment constant of a base portion 129 and
a usable frequency band width in the example ac-
cording to the embodiment;

Fig. 9 is a diagram illustrating a relation between
the shape of an antenna electrode 160 and antenna
characteristics in the example of the embodiment;
Fig. 10 is a development showing a radiation portion
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220 according to a second embodiment of the in-
vention;

Fig. 11 is a development showing a radiation portion
320 according to a third embodiment of the inven-
tion;

Fig. 12 is a development showing a radiation portion
420 according to a fourth embodiment of the inven-
tion;

Fig. 13 is a development showing a radiation portion
520 according to a fifth embodiment of the inven-
tion;

Fig. 14 is a perspective view showing an antenna
device 600 according to a sixth embodiment of the
invention in the direction from a radiation portion
620;

Fig. 15 is a perspective view showing the antenna
device 600 according to this embodiment in the di-
rection backward from the radiation portion 620;
Fig. 16 is a perspective view showing a construction
of the radiation portion 620 in the antenna device
600 according to this embodiment;

Fig. 17 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 18 is a Smith chart in this embodiment;

Fig. 19 is a diagram tabulating frequency bands
suited for use in this embodiment;

Fig. 20 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 21 is a Smith chart in this embodiment;

Fig. 22 is a diagram tabulating frequency bands
suited for use in this embodiment;

Fig. 23 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 24 is a Smith chart in this embodiment;

Fig. 25 is a diagram tabulating frequency bands
suited for use in this embodiment;

Fig. 26 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 27 is a Smith chart in this embodiment;

Fig. 28 is a diagram tabulating frequency bands
suited for use in this embodiment;

Fig. 29 is a view showing a radiation portion 720 in
a seventh embodiment of the invention;

Fig. 30 is a view showing a radiation portion 820 in
an eighth embodiment of the invention;

Fig. 31 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 32 is a Smith chart in this embodiment;

Fig. 33 is a diagram tabulating frequency bands
suited for use in this embodiment;

Fig. 34 is a view showing a radiation portion 920 in
a ninth embodiment of the invention;

Fig. 35 is a view showing a radiation portion 1020
in a tenth embodiment of the invention;

Fig. 36 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 37 is a Smith chart in this embodiment;

Fig. 38 is a diagram tabulating frequency bands
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suited for use in this embodiment;

Fig. 39 is a view showing a radiation portion 1120
in an eleventh embodiment of the invention;

Fig. 40 is a diagram illustrating VSWR characteris-
tics in this embodiment;

Fig. 41 is a Smith chart in this embodiment;

Fig. 42 is a diagram tabulating frequency bands
suited for use in this embodiment;

Fig. 43 is a diagram illustrating VSWR characteris-
tics of a modification of the first embodiment of the
invention;

Fig. 44 is a Smith chart showing the modification of
the first embodiment of the invention;

Fig. 45 is a diagram tabulating frequency bands
suited for use in the modification of the first embod-
iment of the invention;

Fig. 46 is a diagram illustrating VSWR characteris-
tics of a modification of the sixth embodiment of the
invention;

Fig. 47 is a Smith chart showing the modification of
the sixth embodiment of the invention;

Fig. 48 is a diagram tabulating frequency bands
suited for use in the modification of the sixth em-
bodiment of the invention;

Fig. 49 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
of the invention;

Fig. 50 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 51 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
of the invention;

Fig. 52 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 53 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
of the invention;

Fig. 54 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 55 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
of the invention;

Fig. 56 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 57 is a diagram tabulating VSWR characteris-
tics of another modification of the embodiment;
Fig. 58 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
of the invention;

Fig. 59 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 60 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
of the invention;

Fig. 61 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 62 is a diagram illustrating VSWR characteris-
tics of another modification of the sixth embodiment
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of the invention;

Fig. 63 is a Smith chart showing that another mod-
ification of the sixth embodiment of the invention;
Fig. 64 is a diagram tabulating VSWR characteris-
tics of another modification of the embodiment;
Fig. 65 is a perspective view showing an antenna
device 1200 according to a twelfth embodiment of
the invention in the direction from a radiation portion
1220; and

Fig. 66 is a perspective view showing an antenna
device 1300 according to a thirteenth embodiment
of the invention in the direction from a radiation por-
tion 1320.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The antenna device according to the invention
for solving at least a portion of the above-specified prob-
lems has its gist residing in that a conductor is formed
on the surface of a column-shaped dielectric member to
form an antenna electrode, and in that the antenna elec-
trode is formed entirely in a stereoscopic shape from a
feeder portion formed at one end of the antenna elec-
trode toward the other end of the antenna electrode.
[0017] In this antenna device, the antenna electrode
is formed on the surface of the dielectric member and
has the stereoscopic shape. Therefore, the antenna de-
vice has a small size but functions as a wideband an-
tenna. In this antenna device, the wavelength A of elec-
tromagnetic waves can be handled as A/e in the die-
lectric member having a dielectric constant . Therefore,
the antenna device of the invention can be reduced in
the entire size, as compared with an antenna device us-
ing no dielectric material. The dielectric member of this
antenna device may have a column shape or a polygon
such as a quadrangle prism, a pentagon or hexagon,
and may be a column shape having different sectional
areas between the feeder side and the leading side (or
between one end to form the feeder portion and the oth-
er end). The dielectric material can adopt a variety of
materials such not only as alumina but also as calcium
titanate (CaTiO3), magnesium titanate (MgTiO3) or bar-
ium titanate (BaTiO3). A conductor of any material can
be adopted for the antenna electrode. Copper, alumi-
num, iron or tin may be selectively used for factors such
as a purpose or price.

[0018] Here, the antenna electrode may preferably be
formed into a conical shape. The band characteristics
are improved by diverging the antenna electrode toward
the leading end, that is, from a feeder portion formed at
one end of the antenna electrode toward the other end
of the antenna electrode. For this conical shape, the an-
tenna electrode is formed on the individual surfaces of
the dielectric member of a column shape such as a
quadrangle shape. Moreover, a frusto-conical shape
may also be formed by diverging the antenna electrode
formed on at least one face, from one end having the
feeder portion arranged toward the other end. The ster-
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eoscopic shape can be entirely made, if the antenna
electrodes are formed on at least three continuous fac-
es. This entirely conical shape can be formed by the
shape of the electrode on one face. This conical shape
can also be made by forming the dielectric member itself
in a triangular or quadrangle cone and by forming the
antenna electrode on the surface of the cone.

[0019] Moreover, the antenna electrode may also be
formed by forming electrodes not only on the three fac-
es, i.e., the top face of the quadrangle prism and the
side faces adjoining that top face but also such an elec-
trode either on at least a portion of the face opposed to
that top face or on at least a portion of the face opposed
to the face on the feeder side as continues to the anten-
na electrode formed on the side faces or the top face.
The antenna electrode is thus formed either on the top
face and at least a portion of the opposed face or on a
portion of the face on the feeder side and the opposed
face, so that the antenna electrode can intensify its ster-
eoscopy entirely to cover the wide band.

[0020] The invention of the method for manufacturing
the antenna device thus far described has its gist resid-
ing: in that a dielectric member is formed into a prede-
termined shape; in that a feeding electrode to act as an
antenna feeding portion is formed at a predetermined
portion (e.g., at one end of the antenna electrode) of the
dielectric member; and in that a conductor is formed on
the surface of the dielectric member so that the conduc-
tor may be entirely formed into a stereoscopic shape
from the position of the feeding electrode backward from
the dielectric member (e.g., toward the other end of the
antenna electrode). According to this manufacturing
method, the miniature antenna device covering the wide
band can be simply manufactured by that simple proc-
ess.

[0021] Embodiments of the invention will be de-
scribed in detail with reference to the accompanying
drawings.

[0022] Fig. 1 is a perspective view showing a con-
struction of an antenna device 100 of a first embodiment
according to the invention and taken in the direction from
an antenna electrode (or a radiation portion), and Fig. 2
is a perspective view taken in the opposite direction.
[0023] As shown in Fig. 1 and Fig. 2, the antenna de-
vice 100 is constructed to include: a radiation portion
120 arranged on one principal face of a substrate 110;
a feeder line 130 for inputting and outputting send-re-
ceive signals from and to the radiation portion 120; a
feeder connector 140 for connecting the not-shown
feeder wire with the feeder line 130; and an earthing
conductor 150 formed on the other principal face of the
substrate 110. The radiation portion 120 is arranged at
a position, which is closer to one shorter side from near
the center of one principal face of the substrate 110. The
feeder line 130 is so shaped that its one end is electri-
cally connected with a portion (or the feeder portion) of
an antenna electrode formed in the radiation portion 120
and that it is extended in a band shape toward the other
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shorter side of the substrate 110. Moreover, the other
end of the feeder line 130 is connected with the feeder
connector 140. The earthing conductor 150 is formed in
a rectangular plane shape on such a region of the other
principal face as corresponds across the substrate 110
to the region having the feeder line 130 formed thereon.
Specifically, the earthing conductor 150 is formed in the
region, which is enclosed by the two opposite sides of
the substrate 110, the straight line intersecting the two
opposite sides and the one side of the substrate 110
confined by the two opposite sides. Here, the radiation
portion 120 may also be formed to correspond to the
region, which avoids the region having the earthing con-
ductor 150 formed.

[0024] The substrate 110 is exemplified by a rectan-
gular printed-circuit board and made of glass epoxy or
the like. The substrate 110 may also function as a print-
ed-circuit board for arranging another circuit other than
the antenna device 100. Specifically, a substrate having
parts such as a wireless circuit arranged therein may be
the substrate 110, or an independent substrate for the
antenna device 100 may be the substrate 110. The ra-
diation portion 120 is made of a dielectric material (or a
base portion 129) cut out in a rectangular plate shape
or a block shape, and has a thin film of a conductive
material formed as an antenna electrode on its surface.
The conductive material as the antenna electrode may
be a thin conductor film such as a thin copper film or a
thin silver film, and the dielectric material may be exem-
plified by ceramics formed in a plate shape. The radia-
tion portion 120 functions as a radiator for radiating elec-
tricwaves, and is associated with the earthing conductor
150 to construct the antenna device 100 acting in a quar-
ter wavelength mode.

[0025] The feederline 130 is made of a thin conductor
film such as a thin copper film or a thin silver film, and
acts to feed the send signal to the antenna electrode
formed in the radiation portion 120 and to extract the
receive signal. The feeder connector 140 is a high-fre-
quency connector such as the SMA connector. The
feeder line 130 is electrically connected with the signal
line side (or the core line side) of the feeder connector
140, and the earthing conductor 150 is electrically con-
nected with the ground side of the same. The feeder
connector 140 may also be omitted, depending on the
embodiment of the antenna device 100. The earthing
conductor 150 is made of a thin conductor film such as
a thin copper film or a thin silver film, and is formed in a
rectangular planar shape on the other principal face (i.
e., the principal face across the substrate 110 on the
opposite side of the principal face, on which the radiation
portion 120 is arranged) of the substrate 110. The earth-
ing conductor 150 is formed to cover the whole face of
such a region of the other principal face of the substrate
110 that the feederline 130 is formed, namely, the region
from the, portion connected with the radiation portion
120 to the portion connected with the feeder connector
140. The earthing conductor 150 constructs a micro strip
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line together with the feeder line 130. Moreover, the
earthing conductor 150 is formed not to overlap the ra-
diation portion 120 across the substrate 110. In other
words, the radiation portion 120 is arranged in the re-
gion, which avoids such a region across the substrate
110 as has the earthing conductor 150 formed. Moreo-
ver, the feeder portion of the radiation portion 120 is dis-
posed at such one end of the radiation portion 120 as is
the closest to the earthing conductor 150, and is elec-
trically connected with the feeder line 130. The earthing
conductor 150 has both the functions as a ground of the
micro strip line or the feeder line and as the ground cor-
responding to the radiation portion 120.

[0026] Here, the antenna device 100 may be con-
structed such that it is mounted on one end of a circuit
substrate having other circuit parts mounted thereon.
Specifically, the antenna device 100 may be constructed
such thatitis not provided with the feeder connector 140
but introduces the send-receive signals from the wire-
less circuitmounted on the substrate 110, directly to the
feeder line 130. In this case, the substrate 110 mounts
the other circuit parts thereon and is housed in the not-
shown case, for example, to construct a wireless LAN
card to be fitted in the card slot of a computer. This wire-
less LAN card transfers data with the not-shown access
point in accordance with the standards of the UWB. In
case the antenna device 100 is thus mounted at one
end of the circuit substrate, the substrate 110 is a multi-
layered substrate, of which the inner layer has power
and ground lines formed in a sold pattern. On the sur-
face of the substrate 110, moreover, there is formed the
feeder line 130, which feeds the electric power to the
radiation portion 120.

[0027] Subsequently, the radiation portion 120 in the
antenna device 100 will be described in detail with ref-
erence to Fig. 3 to Fig. 5. Fig. 3 is a perspective view
showing the radiation portion 120 in an enlarged scale;
Fig. 4 is a development of the radiation portion 120; and
Fig. 5 shows the radiation portion 120 in the direction of
the joint face to the substrate 110. Here, the illustration
of the earthing conductor 150 is omitted in Fig. 3, and
the illustration of the dielectric portion (or the base por-
tion) constructing the radiation portion 120.

[0028] As shown in Fig. 3, the radiation portion 120 in
the antenna device 100 is constructed to include the
base portion 129 made of a rectangular plate of alumina,
and an antenna electrode 160 formed on the five sur-
faces of the base portion 129. Specifically, the antenna
electrode 160 is formed on all the faces of the surfaces
of the base portion 129 excepting the joint face to the
substrate 110. Here, the antenna electrode 160 may al-
so be formed on at least three continuous faces except-
ing the face to contact with the substrate 110. In the em-
bodiment, the base portion 129 is formed into a plate
shape having sizes of 15 mm x 15 mm x 3 mm (in
thickness) . The base portion 129 may also be made of
another dielectric material. The dielectric constant e and
the sizes of the base portion 129 are designed according
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to the frequency band used.

[0029] As shown in Fig. 4, the antenna electrode 160
to be mounted in the radiation portion 120 of the embod-
iment is formed as electrodes 161 to 165, respectively,
on the faces of the base portion 129, that is, one top
face 121, two side faces 122 and 123, a front face 124
to be connected with the feeder line 130, and a back
face 125 opposed to the front face 124. In the following
description, of the surfaces of the base portion 129, the
"front face" means the face, on which the feeder line 130
is connected with the base portion 129, and the "bottom
face" means the face, on which the base portion 129 is
arranged to contact with the substrate 110. No electrode
is formed on a bottom face 126 corresponding to the top
face 121. The antenna electrode 160 is made of silver,
for example, in the embodiment. The antenna electrode
160 has a thickness of 10 to 15 um and is prepared by
screen printing silver paste on the surface of the base
portion 129 and then by sintering it at 850°C. The an-
tenna electrode may also be prepared by forming it on
the surface of the base portion 129 by another method
such as the depositing, sputtering or plating method.
The antenna electrodes 161, 162, 163, 164 and 165
formed on the top face 121, the two side faces 122 and
123, the front face 124 and the back face 125 are all
made electrically conductive to one another. Of the elec-
trodes 161 to 165, the electrode 164 connected with the
feeder line 130 has a function as the feeder portion of
the antenna device 100.

[0030] As shown in Fig. 4 and 5, the antenna elec-
trode 160 is formed into a (radial) shape to have its area
(or region) gradually enlarged from the electrode 164
formed on the front face 124 soldered to one end of the
feeder line 130 to receive the fed electric power toward
the back face 125, and is given in a stereoscopic shape
by the electrode 16q on the top face 121, the electrodes
162 and 163 on the two side faces 122 and 123, and the
electrodes 164 and 165 on the front face 124 and the
back face 125. In the recess formed by the electrodes
161 to 165 shown in Fig. 5, moreover, there exists the
base portion 129, which is made of the dielectric mate-
rial having the dielectric constant e.

[0031] Thus, according to the invention of this embod-
iment, in the radiation portion 120, the antenna elec-
trode 160 encloses the base portion 129 made of the
dielectric material. It is, therefore, possible to make the
size of the entire antenna smaller than that of the ordi-
nary antenna of a quarter wavelength mode. According
to the invention of the embodiment, moreover, the an-
tenna electrode 160 is formed to have its region gradu-
ally enlarged radially from its feeder portion (or the elec-
trode 164) toward the opposed electrode 165 (or in the
direction away from the earthing conductor 150). It is,
therefore, possible to enlarge the frequency band width
suited for the use.

[0032] Next, a method for manufacturing the antenna
device 100 according to the invention will be described
with reference to Fig. 6. Fig. 6 is a flow chart showing a
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manufacturing process of the radiation portion 120 in the
manufacturing method of the antenna device 100.
[0033] As shown in Fig. 6, a dielectric material (e.g.,
alumina) having the dielectric constant € is cut out in a
predetermined shape (e.g., a quadrangle shape of 15
mm x 15 mm x 3 mm in the embodiment) into the base
portion 129 (at Step S10).

[0034] Next, silver pasteis applied by the screen print-
ing method onto the individual faces of that base portion
129 (at Step 20). In the embodiment shown in Fig. 1 to
Fig. 4, the silver paste is applied in the shapes of the
electrodes 161 to 165, as shown in Fig. 4, respectively
the top face 121, the side face 122, the side face 123,
the front face 124 and the back face 125 excepting the
face to contact with the substrate 110.

[0035] Then, the base portion 129 having the silver
paste applied thereto is put into a sintering furnace and
is sintered at 850 °C (at Step 30). By this sintering treat-
ment, the silver paste is formed as the thin silver film on
the desired surfaces of the base portion 129 so that the
radiation portion 120 is completed.

[0036] Subsequently, a substrate (e.g., an glass
epoxy substrate) to arrange the radiation portion 120 is
cut out in a predetermined size into the substrate 110.
A thin copper film is formed as the earthing conductor
150 on one side of the substrate 110. At this time, the
earthing conductor 150 is formed not on the region cor-
responding to the arrangementposition of the radiation
portion 120 but only on the portion excepting that region.
As a result, the earthing conductor 150 functions as the
radiation element of the antenna without obstructing the
electromagnetic wave radiating action of the radiation
portion 120.

[0037] On the substrate 110, on the other hand, the
necessary feeder line 130 is formed of a thin copper film
and is electrically connected with a predetermined wire-
less circuit. Then, the completed radiation portion 120
is arranged at a predetermined position on the substrate
having the earthing conductor 150 formed thereon. The
radiation portion 120 is fixed on the substrate 110 by
means of an adhesive.

[0038] The antenna device 100 can be simply manu-
factured by the process thus far described.

[0039] Here, an example of the antenna device 100
according to the embodiment will be described in detail
with reference to Fig. 7 to Fig. 9. Fig. 7 is a diagram
illustrating the frequency characteristics of the example
according to the embodiment; Fig. 8 is diagram plotting
a relation between the dielectric constant of the base
portion 129 and the usable frequency band width of the
same; and Fig. 9 is a diagram plotting a relation between
the shape of the antenna electrode 160 formed on the
base portion 129 and the antenna characteristics. The
following description will be made by using the reference
characters shown in Fig. 1 and Fig. 2.

[0040] Firstof all, by theprocess shown in Fig. 6, a ce-
ramic plate was cut out as the base portion 129 in a
quadrangle shape having a width Wr1 of 15 mm, a
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length Wr2 of 15 mm and a thickness of 3 mm, and the
thin silver film of the pattern shown in Fig. 4 was formed
on the five faces excepting the face to contact with the
substrate 110, thereby to form the radiation portion 120.
Next, a glass epoxy substrate (FR-4) having a thickness
of 1 mm was cut out as the substrate 110 in arectangular
shape having a length L of 100 mm and a width W of 50
mm.

[0041] Then, a band-shaped thin copper film having
a length (Lg) of 70 mm was formed by etching from the
substantially central portion of one shorter side of one
principal face of the cut-out substrate 110 toward the
other shorter side, thereby to construct the micro strip
line. Moreover, the thin copper film having a length of
30 mm and a width of 50 mm was etched off from the
other shorter side of the other principal face of the cut-
out substrate 110 toward the one shorter side. As a re-
sult, the region having the length Lg of 70 mm corre-
sponding to the micro strip line and the width W of 50
mm was formed as the earthing conductor 150.

[0042] Subsequently, the radiation portion 120 having
the thin silver film was adhered to that face of the sub-
strate 110, which was opposed to the face to form the
earthing conductor 150. The radiation portion 120 was
so arranged as could be connected with the open end
of the micro strip line formed on the substrate 110, and
was soldered to the electrode 164 formed on the front
face 123 of the radiation portion 120.

[0043] Thus, the antenna device 100 shown in Fig. 1
and Fig. 2 was completed. The radiation portion 120 had
sizes of 15 mm x 15 mm x 3 mm, and the substrate 110
had sizes of 100 mm x 50 mm. The earthing conductor
150 contacted with the three continuous sides of the
substrate 110, and had the sizes of a length of 70 mm
and a width of 50 mm. Moreover, the radiation portion
120 was so arranged that its front face 124 was located
at substantially the same position in the longer side di-
rection of the substrate 110 as that of the shorter side
of the earthing conductor 150.

[0044] Fig. 7 is a diagram illustrating the reflection
characteristics of the antenna device 100 thus complet-
ed. As indicated by a solid curve J in Fig. 7, the antenna
device 100 of this example has reflection characteristics
of - 10 dB over a wide band from 3 GHz to 11 GHz, and
has excellent antenna characteristics. Here, a broken
curve B in Fig. 7 indicates the characteristics of the case
of an antenna having the same shape, in which the an-
tenna electrode 161 is formed only on the top face 121
of the base portion 129 of the dielectric member. Com-
parison of the two curves indicates that the solid curve
J has the reflection characteristics improved over sub-
stantially all frequency bands. It is, therefore, found that
the characteristics as the antenna are improved over the
wide range by forming the antenna electrode 160 into
such a stereoscopic shape as to enclose (or extend
along) the base portion 129 made of the dielectric
material , as in the example.

[0045] On the other hand, Fig. 8 shows a relation be-
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tween the specific dielectric constant er of the base por-
tion 129 of the dielectric member and the used frequen-
cy band width, that is, the variation of the frequency
band width the most suitable for use in the antenna de-
vice 100 of the case, in which the specific dielectric con-
stant er of the base portion 129 is varied. The measure-
ment of the frequency band width the most suitable for
the use was made under the condition of VSWR < 2.
[0046] As shown in Fig. 8, a correlation is shown be-
tween the specific dielectric constant er of the base por-
tion 129 constructing the radiation portion 120 and the
frequency band width of the antenna device 100. Spe-
cifically, there is found a tendency for the usable fre-
quency band width to become the narrower as the die-
lectric constant becomes the larger. A frequency band
width of about 7.5 GHz is needed for use in the commu-
nication of the UWB. In this case, therefore, the specific
dielectric constant er may be 15 or less. For a wider
band, moreover, the specific dielectric constant er may
be 13 or less. For a smaller band width to be used, it is
possible to use a material of a higher dielectric constant.
Moreover, thebandwidthtobeusedisdifferent for the siz-
es of the base portion 129. If the specific dielectric con-
stant er and the sizes of the antenna electrode 160 are
properly designed for the using object, it is possible to
provide an antenna device 100 of smaller sizes and wid-
er bands.

[0047] Further investigations were also made on the
extending state and the antenna characteristics of the
antenna electrode 160. Specifically, the angle of inclina-
tion of the electrode 161 over the top face 121 in Fig. 4
with respect to the side to contact with the front face 124
is designated by 6. The measurements of this angle 6
and the maximum of the VSWR within the frequency
band of 3.1 GHz to 10.6 GHz are plotted in Fig. 9. Here,
the base portion 129 was made of a dielectric material
having a specific dielectric constant er of 13.

[0048] The maximum value of the VSWR is varied by
varying the angle 6, as shown in Fig. 9. For a general
use, itis desired that the VSWR has a value of 2 or less.
It is, therefore, desired that the angle 6 is about 0 = 0
= 50 degrees. Naturally, the use outside of this range
raises no problem in accordance with the specifications.
Specifically, the angle 6 may be made within a range of
10 = 6 = 40 degrees by setting the VSWR at 1.9 or less,
or within a range of 20 = 6 = 30 degrees by setting the
VSWR at 1.8 or less.

[0049] In other words, the antenna electrode 160 so
desired for the case of the VSWR having a value of 2 or
less as is formed into a radial shape having a center
angle ¢ of 80 degrees or more (180 - 50 x 2) and 180
degrees or less (180 - 0 x 2), as shown in Fig. 4, with
respect to the straight curve from the electrode 164 or
the feeder point at one end of the antenna electrode 160
toward the electrode 165 or the other end of the antenna
electrode 160 (or apart from the earthing conductor
150). Likewise, the antenna electrode 160 may also be
formed into a radial shape having a center angle ¢ of
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100 degrees or more and 160 degrees or less for the
VSWR value of 1.9 or less and 120 degrees or more and
140 degrees or less for the VSWR value of 1.8 or less.
[0050] Next, a second embodiment of the antenna de-
vice 100 according to the invention will be described with
reference to Fig. 10. Fig. 10 is a development showing
a radiation portion 220 of the antenna device 100 ac-
cording to the embodiment. The antenna device accord-
ing to this embodiment is constructed to include the sub-
strate 110, the feeder line 130, the feeder connector
140, the earthing conductor 150, as shown in Fig. 1 and
Fig. 2, and the radiationportion 220, as shown in Fig. 10.
The difference from the antenna device 100 according
to the first embodiment is only the construction of the
radiation portion 120. Therefore, the following descrip-
tion is omitted on the portion, which overlaps the anten-
na device 100 according to the first embodiment.
[0051] In the radiation portion 220 in the antenna de-
vice of this embodiment, as shown in Fig. 10, electrodes
261 to 264, and 266 and 267 are formed, respectively,
on a top face 221, a side face 223, a side face 223 and
a front face 224, and a bottom face 226 to contact with
the substrate 110. The electrodes 261 to 264, as formed
on the top face 221, the side face 222, the side face 223
and the front face 224, are formed in shapes and at po-
sitions like those of the electrodes 161 to 164 in the ra-
diation portion 120.

[0052] Theradiation portion 220 in the antenna device
of this embodiment is different in the following points
from the radiation portion 120 in the first embodiment.

[1] No electrode is formed on a back face 225.

[2] The electrodes 262 and 263 on the two side fac-
es 222 and 223 are extended as they are to the bot-
tom face 226 opposed to the top face 221, so that
the two electrodes 266 and 267 are formed on the
bottom face 226.

[0053] Therefore, the electrodes 261 to 264, and 266
and 267 are shaped, entirely of an antenna electrode
260, to enclose the base portion of the radiation portion
220 more than those of the first embodiment. Moreover,
those two electrodes 266 and 267 are gradually wid-
ened toward the back face 225, and the antenna elec-
trode is widened, entirely of the antenna electrode, in a
triangular shape from the feeder side.

[0054] The radiation portion 220 having the antenna
electrode 260 thus shaped also has exhibited excellent
antenna characteristics over a wide band.

[0055] Subsequently, a third embodiment of the an-
tenna device according to the invention will be described
with reference to Fig. 11. Fig. 11 is a development show-
ing a radiation portion 320 of the antenna device accord-
ing to the embodiment. The antenna device according
to this embodiment is constructed to include the sub-
strate 110, the feeder line 130, the feeder connector
140, the earthing conductor 150, as shown in Fig. 1 and
Fig. 2, and the radiation portion 320, as shown in Fig.
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11. The difference from the antenna device 100 accord-
ing to the first embodiment is only the construction of
the radiation portion 120. Therefore, the following de-
scription is omitted on the portion, which overlaps the
antenna device 100 according to the first embodiment.
[0056] As shown in Fig. 11, the radiation portion 320
in this embodiment has electrodes 362 to 366 formed
on a side face 322, a side face 323, a front face 324,
and a bottom face 326 to contact with the substrate 110,
respectively.

[0057] The radiation portion 320 inthe antenna device
of this embodiment is different in the following points
from the radiation portion 120 in the first embodiment.

[1] The electrode 366 is formed on the bottom face
326 in place of a top face 321.

[2] The electrode 364 of the front face 324 is formed
to sizes necessary for being soldered to the feeder
line 130.

[0058] Therefore, the electrodes 362 to 366 are so
shaped, entirely of an antenna electrode 360, as turned
just upside-down from the antenna electrode 160 of the
first embodiment. The antenna device thus provided
with the radiation portion 320 having the upside-down
arrangement of the antenna electrode 160 in the base
portion 129 has also exhibited excellent antenna char-
acteristics over a wide band.

[0059] Subsequently, a third embodiment of the an-
tenna device according to the invention will be described
with reference to Fig. 12. Fig. 12 is a development show-
ing a radiation portion 420 of the antenna device accord-
ing to the embodiment. The antenna device according
to this embodiment is constructed to include the sub-
strate 110, the feeder line 130, the feeder connector
140, the earthing conductor 150, as shown in Fig. 1 and
Fig. 2, and the radiation portion 420, as shown in Fig.
12. The difference from the antenna device 100 accord-
ing to the first embodiment is only the construction of
the radiation portion 120. Therefore, the following de-
scription is omitted on the portion, which overlaps the
antenna device 100 according to the first embodiment.
[0060] As shown in Fig. 12, the radiation portion 420
in this embodiment has electrodes 461 to 465 formed
on a top face 421, a side face 422, a side face 423, a
front face 424, and a back face 425.

[0061] The radiation portion 420 in the antenna device
of this embodiment is different in the following points
from the radiation portion 120 in the first embodiment.

[1] The electrodes 461 to 463 of the top face 421
and the side faces 422 and 423 are formed not in
shapes to diverge toward the back face 425 but in
shapes to cover the individual faces entirely.

[2] The electrode 464 of the front face 424 is con-
nected to the electrode 461 of the top face 421 while
keeping the same width as that of the feeder line
130.
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[0062] Therefore, the electrodes 461 to 465 are
formed, entirely of an antenna electrode 460, in a quad-
rangle-shaped cylindrical shape. The antenna device
has exhibited excellent antenna characteristics over a
wide band, even if it does not have a shape diverging
from the feeder line.

[0063] Thus, the antenna electrode can be formed in
the various shapes for the base portion made of the di-
electric material. These shapes can be determined from
the using object and the frequency characteristics. An
arcuate shape can be adopted, for example, as shown
in Fig. 13. Fig. 13 is a development showing a radiation
portion 520 of an antenna device according to a fifth em-
bodiment of the invention. As shown in Fig. 13, the ra-
diation portion 520 in this embodiment is formed in the
arcuate shape from the feeder line toward a back face
525.

[0064] Moreover, the antenna electrode to be formed
in the base portion of the radiation portion may be en-
tirely formed in a stereoscopic shape by determining a
triangular, square, rectangular, trapezoidal, circular, el-
liptical, semicircular or sector shape or an arbitrary po-
lygonal shape and by assigning this shape to the indi-
vidual faces of the base portion. In short, the antenna
electrode may also be so formed that the antenna elec-
trode of such shape may enclose the base portion made
of the dielectric material.

[0065] Next, a sixth embodiment of the antenna de-
vice according to the invention will be described in detail
with reference to Fig. 14 to Fig. 16. Fig. 14 is a perspec-
tive view showing an antenna device 600 according to
the sixth embodiment of the invention in a radiation con-
ductor arranging direction; Fig. 15 is a perspective view
showing the same in an earthing conductor direction;
and Fig. 16 is a perspective view showing the construc-
tion of a radiation portion.

[0066] As shown in Fig. 14 and Fig. 15, the antenna
device 600 according to this embodiment is constructed
to include: a base portion 629 constructing a radiation
portion 620 arranged on one principal face of a substrate
610; a feeder line 630 for inputting and outputting send-
receive signals from and to the radiation portion 620; a
feeder connector 640 for connecting the not-shown
feeder wire with the feeder line 630; and an earthing
conductor 650 formed on the other principal face of the
substrate 610.

[0067] The base portion 629 constructing the radia-
tion portion 620 is arranged at a position, which is locat-
ed closer from near the center of one principal face of
the rectangular substrate 610 to one long side, for ex-
ample. Here, the base portion 629 constructing the ra-
diation portion 620 may also be arranged at a position
spaced in parallel with the principal face of the substrate
610 from the region forming the earthing conductor 650
and closer to the peripheral edge portion of the substrate
610. Alternatively, the base portion 629 may also be ar-
ranged closer to any side of the substrate 610 in the di-
rection along the side portion of the earthing conductor
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650 opposed across the substrate 610. The feeder line
630 is electrically connected at its one end with a portion
of the antenna electrode formed in the base portion 629
constructing the radiation portion 620, and is extended
in a band shape in the direction toward the forming re-
gion of the earthing conductor 650. Moreover, the other
end of the feeder line 630 is connected with the feeder
connector 640. This feeder connector 640 is fixed on the
edge portion of the substrate 610. The earthing conduc-
tor 650 is formed in a planar shape on the region of the
other principal face of the substrate 610 corresponding
to the region having the feeder line 630 formed, and is
electrically connected with the feeder connector 640.
[0068] The substrate 610, the radiation portion 620,
the base portion 629, the feeder line 630, the feeder con-
nector 640 and the earthing conductor 650 correspond
to the substrate 110, the radiation portion 120, the base
portion 129, the feeder line 130, the feeder connector
140 and the earthing conductor 150 in the first embod-
iment, respectively, and are made of similar materials
and provided with similar features. In short, the antenna
device 600 according to this embodiment are modified
from the antenna device 100 according to the first em-
bodiment shown in Fig. 1 to Fig. 4, by changing the
shape of the radiation portion 120 and the arrangement
position in the substrate 110 from the antenna device
100 according to the first embodiment, as shown in Fig.
1 to Fig. 4. In the following description, therefore, the
following description is omitted on the portions common
to those of the antenna device 100 according to the first
embodiment.

[0069] In the antenna device 600 according to this
embodiment, as shown in Fig. 14, the radiation portion
620 (or the base portion 629) is arranged close to but at
a distance d1 from one longer side of the substrate 610.
Moreover, the radiation portion 620 and the earthing
conductor 650 are arranged across the substrate 610 at
a predetermined distance d2 in the longer side direction
of the substrate 610. The feeder line 630 is so arranged
to extend in parallel with the longer sides of the substrate
610 as to correspond to the position of the radiation por-
tion 620. The feeder connector 640 is arranged at a po-
sition to correspond to the feeder line 630.

[0070] Fig. 16 is a perspective view showing a stere-
oscopic shape of an antenna electrode 660, which con-
structs the radiation portion 620 of the antenna device
600 according to this embodiment. In Fig. 16, the base
portion 629 is shown by broken lines so as to make the
shape of the antenna electrode 660 easily understand-
able:

[0071] Inthe radiation portion 620 of this embodiment,
as shown in Fig. 16, like the radiation portion 320 of the
third embodiment of the invention shown in Fig. 11, elec-
trodes 662 to 666 are formed on the five faces excepting
the top face of the base portion 629 made of a dielectric
material, thereby to form the antenna electrode 660 al-
together. Specifically, the electrodes 662 to 666 are
formed individually on the two side faces, the front face,
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the back face and such a bottom face of the base portion
629 as to contact with the substrate 610. The electrode
664 is formed to have sizes necessary and sufficient for
being soldered to the feeder line 630. On the other hand,
the electrode 666 formed on the bottom face of the base
portion 629 is so linearly formed at an angle of inclination
0 from the side to contact with a front face 624 that its
region may be gradually widened from the side to con-
tact with the electrode 664 toward the electrodes 662
and 663 formed on the two side faces of the base portion
629. In other words, the electrode 66 is linearly formed
at the center angle ¢ with respect to the straight line di-
rected from the electrode 664 (i.e., one end of the elec-
trode 660) to the electrode 665 (i.e., the other end of
the electrode 660) , thereby to forma linearly symmetric
trapezoidal shape.

[0072] Here, an example of the antenna device 600
according to this embodiment will be described with ref-
erence to Fig. 17 to Fig. 28. Fig. 17 to Fig. 19 are dia-
grams showing the VSWR characteristics, the Smith
chart and the upper and lower limit frequencies suitable
for use, in case the length L of the substrate 610 was
varied in this embodiment. Fig. 23 to Fig. 25 are dia-
grams showing the VSWR characteristics, the Smith
chart and the upper and lower limit frequencies suitable
for use, in case the position of the radiation portion 620
in the shorter side direction of the substrate 610 was
varied in this embodiment. Fig. 26 to Fig. 28 are dia-
grams showing the VSWR characteristics, the Smith
chart and the upper and lower limit frequencies suitable
for use, in case the distance between the radiation por-
tion 620 and the earthing conductor 650 in the longer
side direction of the substrate 610 was varied in this em-
bodiment. Here, the following description uses the ref-
erence characters shown in Fig. 14.

[0073] For the radiation portion 620, an alumina plate
having a thickness of 1 mm was cut out at first as the
dielectric material into the base portion 629 having a
width Wr1 of 8 mm and a length Wr2 of 10 mm. Then,
the cut base portion 629 was printed with the antenna
electrode 660 of silver paste in the shape shown in Fig.
16, and was then subjected to a sintering treatment to
prepare the radiation portion 620. The substrate 610
had a width W of 40 mm. The distance d1 between the
radiation portion 620 and the longer side of the substrate
610 was 2 mm, and the distance d2 in the longer side
direction of the substrate 610 between the radiation por-
tion 620 and the earthing conductor 650 was 1 mm.
Then, the variations of the characteristics were exam-
ined in case the length L of the substrate 610 was varied.
[0074] As a result, there were obtained the voltage
standing wave ratio (VSWR) characteristics, as shown
in Fig. 17, and the Smith chart, as shown in Fig. 18. In
Fig. 17 and Fig. 18, solid curves, broken curves and sin-
gle-dotted curves indicate the VSWR characteristics
and the Smith charts of the cases, in which the length L
of the substrate 610 was 45 mm, in which the same
length L was 70 mm, and in which the same length L
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was 100 mm. Moreover, the upper and lower limit fre-
quencies suited for use supposing the UWB standards
on the basis of the VSWR characteristics shown in Fig.
17 are tabulated in Fig. 19.

[0075] As tabulated in Fig. 19, the upper and lower
limit frequencies (which are indicated as "SPEC" in Fig.
19, as follows) of the UWB standards are 3,100 MHz for
the lower limit frequency and 10,600 MHz for the upper
limit frequency. It is found from Fig. 19 that the suitable
using condition is satisfied, if set by VSWR < 2.5, by the
upper and lower frequencies of the UWB standards no
matter what value the length L might take. In other
words , it is found that a sufficient frequency band width
generally matching the UWB standards is retained no
matter what value the length L of the substrate 610 might
take.

[0076] Subsequent examinations were made on the
case, in which the width W of the substrate 610 was var-
ied. In these examinations, the pattern of the antenna
electrode 660 of the radiation portion 620 was unvaried.
However: the length L of the substrate 610 was 45 mm;
the distance d1 between the radiation portion 620 and
the longer side of the substrate 610 was 2 mm; and the
distance d2 in the longer side direction of the substrate
610 between the radiation portion 620 and the earthing
conductor 650 was 1 mm. Then, the examinations were
made on the variations of the characteristics of the case,
in which the width W of the substrate 610 was varied.
[0077] As a result, there were obtained the VSWR
characteristics, as shownin Fig. 20, and the Smith chart,
as shown in Fig. 21. In Fig. 20 and Fig. 21, solid curves,
broken curves and single-dotted curves indicate the
VSWR characteristics and the Smith charts of the cas-
es, in which the width W of the substrate 610 was 30
mm, in which the same width was 40 mm, and in which
the same width W was 50 mm. Moreover, the upper and
lower limit frequencies suited for use supposing the
UWB standards on the basis of the VSWR characteris-
tics shown in Fig. 20 are tabulated in Fig. 22.

[0078] As shownin Fig. 20, the VSWR characteristics
largely vary with the variation in the width W of the sub-
strate 610. From the viewpoint that the lower limit fre-
quency satisfies the UWB standards, however, it is
found from Fig. 22 that satisfactory results were ob-
tained in case the width W was within a range of 30 mm
to 50 mm, especially at about 40 mm.

[0079] Subsequently, examinations were made on
the case, in which the position of the radiation portion
620 on the substrate 610 was varied. At first, the varia-
tionin the characteristics was examined by changing the
distance d1 between the radiation portion 620 and one
longer side of the substrate 610. Without varying the pat-
tern of the antenna electrode 660 of the radiation portion
620, the length L and the width W of the substrate 610
were 45 mm and 40 mm, respectively. Moreover, the dis-
tance d2 in the longer side direction of the substrate 610
between the radiation portion 620 and the earthing con-
ductor 650 was 1 mm. Then, the examinations were
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made on the variations in the characteristics in case the
distance d1 between the radiation portion 620 and the
longer side of the substrate 610 was varied.

[0080] As a result, there were obtained the VSWR
characteristics, as shown in Fig. 23, and the Smith chart,
as shown in Fig. 24. In Fig. 23 and Fig. 24, solid curves,
broken curves and single-dotted curves indicate the
VSWR characteristics and the Smith charts of the cas-
es, in which the distance d1 was 2 mm, in which the
distance d1 was 9 mm, and in which the distance d1
was 16 mm (i.e., in case the radiation portion 620 is ar-
ranged at the center in the shorter side direction of the
substrate 610). Moreover, the upper and lower limit fre-
quencies suited for use supposing the UWB standards
on the basis of the VSWR characteristics shown in Fig.
23 are tabulated in Fig. 25.

[0081] As the distance d1 is varied, as shown in Fig.
23, the VSWR characteristics were also largely varied.
In case the distance d1 was 9 mm and 16 mm, as shown
in Fig. 25, the standards were dissatisfied for both the
upper and lower limit frequencies. As the distance d1
became the less 16 mm, 9 mm and 2 mm, moreover, it
is found that the lower limit frequency (of VSWR < 2.5)
shifted to the lower frequencies of 3,510 MHz, 3,390
MHz and 2,970 MHz, and that the upper limit frequency
(of VSWR < 2.5) shifted to the higher frequencies of
5,420 MHz, 8,600 MHz and 12,000 MHz. In short, the
distance d1 between the radiation portion 620 and one
longer side of the substrate 610 can cover the wideband
frequencies satisfying the UWB standards, if is made at
least 9 mm or less, desirably 2 mm or less.

[0082] Next, examinations were made on the varia-
tions in the characteristics of the case, in which the dis-
tance d2 in the longer side direction of the substrate 610
between the radiation portion 620 and the earthing con-
ductor 650 was varied. The pattern of the antenna elec-
trode 660 of the radiation portion 620 was not changed,
but the length L and the width W of the substrate 610
were 45 mm and 40 mm, respectively. Moreover, the dis-
tance d1 between the radiation portion 620 and one
longer side of the substrate 610 was 2 mm. Then, the
variations in the characteristics were examined in case
the distance d2 in the substrate face direction between
the radiation portion 620 and the earthing conductor 650
was varied.

[0083] As a result, there were obtained the VSWR
characteristics, as shown in Fig. 26, and the Smith chart,
as shown in Fig. 27. In Fig. 26 and Fig. 27, solid curves,
broken curves and single-dotted curves indicate the
VSWR characteristics and the Smith charts of the cas-
es, in which the distance d2 was 0 mm, in which the
distance d2 was 1 mm, and in whi ch the distance d2
was 2 mm. Moreover, the upper and lower limit frequen-
cies suited for use supposing the UWB standards on the
basis of the VSWR characteristics shown in Fig. 26 are
tabulated in Fig. 28.

[0084] As the distance d2 is varied, as shown in Fig.
26, the VSWR characteristics were also largely varied.
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When the distance d2 was varied 0 mm, 1 mm and 2
mm, it is found that the VSWR characteristics shifted
entirely to the lower frequency side. It is, therefore,
found that the distance d2 may be enlarged for reducing
the lower limit frequency. From the viewpoint of satisfy-
ing the UWB standards, on the other hand, it is found
from Fig. 28 that the distance d2 is at least 0 mm or
more, desirably 1 mm or more.

[0085] Subsequently, seventh and eighth embodi-
ments of the antenna device according to the invention
will be described in detail with reference to Fig. 14, Fig.
15, Fig. 29 and Fig. 30. Fig. 29 is a perspective view
showing a construction of a radiation portion 720 in the
seventh embodiment of the invention, and Fig. 30 is a
perspective view showing a construction of a radiation
portion 820 in the eighth embodiment of the invention.
Here in Fig. 29 and Fig. 30, base portions 729 and 829
are shown by broken lines so that the shapes of antenna
electrodes 760 and 860 may be easily understood.
[0086] In the seventh and eighth embodiments ac-
cording to the invention, the radiation portion 620 in the
antenna device 600 according to the sixth embodiment
is replaced by the radiation portion 720 and the radiation
portion 820 shown in Fig. 29 and Fig. 30, respectively.
Therefore, the description will be omitted on the portions
common to those of the sixth embodiment.

[0087] In the radiation portions 720 and 820 in these
embodiments, as shown in Fig. 29 and Fig. 30, elec-
trodes 762 to 766 and electrodes 862 to 866 are formed
on the five faces of the base portions 729 and 829 ex-
cepting the top face so that they form the antenna elec-
trodes 760 and 860, respectively, altogether. Specifical-
ly, the electrodes 762 to 766 and the electrodes 862 to
866 are formed on the two side faces, front faces, back
faces and bottom faces of the respective base portions
729 and 829. On the other hand, the electrodes 766 and
866 formed on the bottom faces of the base portions
729 and 829 are formed in such arcuate shapes that
their regions are gradually widened from the sides con-
tacting with the electrodes 764 and 864 toward the elec-
trodes 762 and 763 and the electrodes 862 and 863
formed on the two side faces of the base portions 729
and 829, respectively. Here, what is different between
the seventh embodiment and the eighth embodiment is
the directions of the arcs. Specifically, the arcs of the
electrode 766 in the seventh embodiment are made
concave, and the arcs of the electrode 866 in the eighth
embodiment are made convex.

[0088] Here, examples of the antenna devices ac-
cording to the seventh and eighth embodiments will be
described with reference to Fig. 31 to Fig. 33. Fig. 31 to
Fig. 33 are diagrams showing theVSWR characteristics,
the Smi th chart and the upper and lower limit frequen-
cies suitable for use such that they contrast the sixth to
eighth embodiments individually.

[0089] For the radiation portions 720 and 820, an alu-
mina plate having a thickness of 1 mm was cut out at
first as the dielectric material into the base portions 729
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and 829having a width Wr1 of 8 mm and a length Wr2
of 10 mm. Then, the cut base portions 729 and 829 were
printed with the antenna electrodes 760 and 860 of silver
paste in the shapes shown in Fig. 29 and Fig. 30, and
were then subjected to a sintering treatment to prepare
the radiation portions 720 and 820. Substrates 710 and
810 had a width W of 40 mm and a length L of 45 mm.
The distance d1 between the radiation portions 720 and
820 and the individual longer sides of the substrates 710
and 810 was 2 mm, and the distance d2 in the longer
side directions of the substrates between the radiation
portions 720 and 820 and earthing conductors 750 and
850 was 1 mm. Then, the differences in the character-
istics were examined together with the radiation portion
620 of the sixth embodiment as a comparison example.
[0090] As a result, there were obtained the VSWR
characteristics, as shown in Fig. 31, and the Smith chart,
as shown in Fig. 32. In Fig. 31 and Fig. 32, solid curves,
broken curves and single-dotted curves indicate the
VSWR characteristics and the Smith charts of the sixth
embodiment, the seventh embodiment and the eighth
embodiment. Moreover, the upper and lower limit fre-
quencies suited for use supposing the UWB standards
on the basis of the VSWR characteristics shown in Fig.
31 are tabulated in Fig. 33.

[0091] As seen from Fig. 31, the VSWR characteris-
tics were hardly different, if any, among the radiation
portions 620, 720 and 820. As tabulated in Fig. 33,
moreover, any of the radiation portions could achieve a
large frequency band width satisfying the UWB stand-
ards.

[0092] Subsequently, ninth and tenth embodiments of
the antenna device according to the invention will be de-
scribed in detail with reference to Fig. 14, Fig. 15, Fig.
34 and Fig. 35. Fig. 34 is a perspective view showing a
construction of a radiation portion 920 in the ninth em-
bodiment of the invention, and Fig. 35 is a perspective
view showing a construction of a radiation portion 1020
in the tenth embodiment of the invention. Here in Fig.
34 and Fig. 35, base portions 929 and 1029 are shown
by broken lines.

[0093] In the ninth and tenth embodiments according
to the invention, the radiation portion 620 in the antenna
device 600 according to the sixth embodiment is re-
placed by the radiation portion 920 and the radiation por-
tion 1020 shown in Fig. 34 and Fig. 35, respectively.
Therefore, the description will be omitted on the portions
common to those of the sixth embodiment.

[0094] In the radiation portions 920 and 1020 in these
embodiments, as shown in Fig. 34 and Fig. 35, elec-
trodes 964 to 966 and electrodes 1064 to 1066 are
formed only on the front faces, back faces and bottom
faces of the base portions 929 and 1029, respectively.
In the ninth embodiment, more specifically, the elec-
trodes, which correspond to the electrodes 662 and 663
formed on the side faces 622 and 623 of the radiation
portion 620 according to the sixth embodiment shown
in Fig. 16, respectively, are omitted. In the tenth embod-
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iment, the same corresponding electrodes are devel-
oped and integrated with the electrode 1066. On the oth-
er hand, it is common to the electrode 666 in the sixth
embodiment that both the electrodes 966 and 1066 to
be formed on the base faces of the base portions 929
and 1029 are linearly formed at the angle of inclination
6 (or linearly formed at the center angle ¢).

[0095] Here, examples of the antenna devices ac-
cording to the ninth and tenth embodiments will be de-
scribed with reference to Fig. 36 to Fig. 38. Fig. 36 to
Fig. 38 are diagrams showing theVSWR characteristics,
the Smith chart and the upper and lower limit frequen-
cies suitable for use such that they contrast the sixth,
ninth and tenth embodiments individually.

[0096] Here, the sizes of the radiation portion, the siz-
es of the substrate and the position of the radiation por-
tion in the substrate were set under the same conditions
as those of the examples of the seventh and eighth em-
bodiments, and the characteristics were examined to-
gether with the radiation portion 620 of the sixth embod-
iment as a comparison example.

[0097] As a result, there were obtained the VSWR
characteristics, as shown in Fig. 36, and the Smith chart,
as shown in Fig. 37. In Fig. 36 and Fig. 37, solid curves,
broken curves and single-dotted curves indicate the
VSWR characteristics and the Smith charts of the sixth
embodiment, the ninth embodiment and the tenth em-
bodiment. Moreover, the upper and lower limit frequen-
cies suited for use supposing the UWB standards on the
basis of the VSWR characteristics shown in Fig. 36 are
tabulated in Fig. 38.

[0098] As seen in Fig. 36, the VSWR characteristics
were slightly different among the radiation portions 620,
920 and 1020. Especially the tenth embodiment is
slightly but more shifted in the frequency band toward
the lower frequency side than the sixth and ninth em-
bodiments. Moreover, the ninth embodiment is deterio-
rated in the VSWR characteristics on the high frequency
side. As tabulated in Fig. 38, moreover, the tenth em-
bodiment is lower in the lower limit frequency than the
sixth and ninth embodiments, and itis found that the wid-
er frequency band could be retained.

[0099] Subsequently, an eleventh embodiment of the
antenna device according to the invention will be de-
scribed in detail with reference to Fig. 14, Fig. 15 and
Fig. 39. Fig. 39 is a perspective view showing a con-
struction of a radiation portion 1120 in the eleventh em-
bodiment of the invention. Here in Fig. 39, a base portion
1129 is shown by broken lines.

[0100] In the eleventh embodiment according to the
invention, the radiation portion 620 in the antenna de-
vice 600 according to the sixth embodiment is replaced
by the radiation portion 1120 shown in Fig. 39, respec-
tively. Therefore, the description will be omi tted on the
portions common to those of the sixth embodiment.
[0101] In the radiation portion 1120 in this embodi-
ment, as shown in Fig. 39, electrodes 1162 to 1166 are
formed on the five faces of the base portion 1129 ex-
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cepting the top face so that they construct an antenna
electrode 1160 integrally altogether. Specifically, the
electrodes 1162 to 1166 are individually formed on the
two side faces, front face, back face and bottom face
of the base portion 1129. As compared with the radiation
portion 620 of the sixth embodiment, the radiation por-
tion 1120 of this embodiment is different only in that slits
are formed in the electrode 1162 and the electrode 1163
formed on the two side faces of the base portion 1129.
[0102] Here, examples of the antenna devices ac-
cording to the sixth and ninth embodiments will be de-
scribed with reference to Fig. 40 to Fig. 42. Fig. 40 to
Fig. 42 are diagrams showing the VSWR characteris-
tics, the Smith chart and the upper and lower limit fre-
quencies suitable for use such that they contrast the
sixth and eleventh embodiments individually.

[0103] Here, the sizes of the radiation portion, the siz-
es of the substrate and the position of the radiation por-
tion in the substrate were set under the same conditions
as those of the examples of the seventh to tenth embod-
iments. In the electrodes 1162 and 1163 of the radiation
portion 1120, there were individually formed two slits,
which had widths of one fifth of the width of those elec-
trodes. Here, the characteristics were examined togeth-
er with the radiation portion 620 of the sixth embodiment
as a comparison example.

[0104] As a result, there were obtained the VSWR
characteristics, as shown in Fig. 40, and the Smith chart,
as shown in Fig. 41. In Fig. 40 and Fig. 41, solid curves
and broken curves indicate the VSWR characteristics
and the Smith charts of the sixth embodiment and the
eleventh embodiment. Moreover, the upper and lower
limit frequencies suited for use supposing the UWB
standards on the basis of the VSWR characteristics
shown in Fig. 40 are tabulated in Fig. 42.

[0105] As seen from Fig. 40, the VSWR characteris-
tics were hardly different, if any, between the radiation
portions 620 and 1120. As tabulated in Fig. 42, moreo-
ver, any of the radiation portions could achieve a large
frequency band width satisfying the UWB standards.
[0106] Here, other examples of the antenna devices
according to the first to sixth embodiments of the inven-
tion will be described with reference to Fig. 43 to Fig.
48. Fig. 43 to Fig. 48 are diagrams showing the VSWR
characteristics, the Smith charts and the upper and low-
er limit frequencies suitable for use on other examples
of the first to sixth embodiments. In these examples, the
examinations were made on the variations of character-
istics of the cases, in which the antenna electrodes to
construct the radiation portion are formed on all the five
faces excepting the bottom face to contact with the sub-
strate, as shown in Fig. 4, and are formed on the bottom
face to contact with the substrate and on all the four fac-
es (i.e., all the faces excepting the top face) being ad-
jacent to the bottom face.

[0107] Forthe radiation portion 120 in the first embod-
iment, an alumina plate having a thickness of 2 mm was
cut out at first as the dielectric material into the base
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portion 129 having a width Wr1 of 12 mm and a length
Wr2 of 12 mm. Then, the cut base portion 129 was print-
ed with the antenna electrode 160 of silver paste in the
shape (as will be called the "upper open type") shown
in Fig. 16 and in the shape (as will be called the "lower
open type") shown in Fig. 4, and was then subjected to
a sintering treatment to prepare two kinds of radiation
portions 120. The substrate 110 had a thickness of 1
mm, the width W of 40 mm and a length L of 100 mm.
The distance d between the radiation portion 120 and
the longer side of the substrate 110 was 19 mm (the ra-
diation portion 120 was at the center in the shorter side
direction of the substrate) , and the distance in the long-
er side direction of the substrate between the radiation
portion 120 and the earthing conductor 150 was 0 mm.
[0108] As a result, there were obtained the VSWR
characteristics, as shownin Fig. 43, and the Smith chart,
as shown in Fig. 44. In Fig. 43 and Fig. 44, solid curves
and broken curves indicate the VSWR characteristics
and the Smith charts of the cases, in which the electrode
160 of the radiation portion 120 was the upper open type
and in which the same was the lower open time. More-
over, the upper and lower limit frequencies suited for use
supposing the UWB standards on the basis of the
VSWR characteristics shown in Fig. 43 are tabulated in
Fig. 45. Under the conditions of these embodiments,
sufficiently wideband characteristics could be obtained
for the upper open type, as shown in Fig. 43 and Fig. 45.
[0109] Subsequently, for the radiation portion 620 in
the sixth embodiment, an alumina plate having a thick-
ness of 1 mm was cut out as the dielectric material into
the base portion 629 having a width Wr1 of 8 mm and a
length Wr2 of 10 mm. Then, the cut base portion 629
was printed with the antenna electrode 660 of silver
paste in the upper open type and the lower open type
shown in Fig. 16 and Fig. 4, and was then subjected to
a sintering treatment to prepare the radiation portions
620 of two kinds. The substrate 610 had a thickness of
1 mm, a width W of 40 mm and a length L of 45 mm.
The distance d1 between the radiation portion 620 and
the longer side of the substrate 610 was 2 mm, and the
distance d2 in the longer side direction of the substrate
610 between the radiation portion 620 and the earthing
conductor 650 was 1 mm.

[0110] As a result, there were obtained the VSWR
characteristics, as shown in Fig. 46, and the Smith chart,
as shown in Fig. 47. In Fig. 46 and Fig. 47, solid curves
and broken curves indicate the VSWR characteristics
and the Smith charts of the cases, in which the electrode
660 of the radiation portion 620 was the upper open type
and in which the same was the lower open time. More-
over, the upper and lower limit frequencies suited for use
supposing the UWB standards on the basis of the
VSWR characteristics shown in Fig. 46 are tabulated in
Fig. 48. Under the conditions of these embodiments,
sufficient wideband characteristics could be obtained for
both the upper open type and the lower open type, as
shown in Fig. 46. In case the radiation portion 620 was
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formed in the lower open type, on the other hand, the
result was that both the lower limit frequency and the
upper limit frequency shifted to the lower frequency side.
[0111] Next, other examples of the antenna device
according to the sixth embodiment will be described with
reference to Fig. 49 to Fig. 64. Fig. 49 to Fig. 64 are
diagrams showing the VSWR characteristics, the Smith
charts and the upper and lower limit frequencies suitable
for use of the cases, in which the angle of inclination 6
of the antenna electrode 660 formed on the radiation
portion 620 and the distance d2 in the longer side direc-
tion of the substrate 610 between the radiation portion
620 and the earthing conductor 650 are varied.

[0112] For the radiation portion 620 shown in Fig. 14,
an alumina plate having a thickness of 0.8 mm was cut
out at first as the dielectric material into the base portion
629 having a width Wr1 of 8 mm and a length Wr2 of 8
mm. Then, the cut base portion 629 was printed with the
antenna electrode 660 of silver paste in the shape
shown in Fig. 16, and was then subjected to a sintering
treatment to prepare the radiation portion 620. At this
time, the width (or the length in the direction of the width
W) of the electrode 664 was 2 mm. The substrate 610
had a width W of 40 mm and a length L of 45 mm, and
the distance d1 between the radiation portion 620 and
the longer side of the substrate 610 was 2 mm. Then,
the variations of the characteristics were examined by
varying the distance d2 in the longer side direction of
the substrate 610 between the radiation portion 620 and
the earthing conductor 650, and the inclination angle 6
of the electrode 666.

[0113] As a result, the VSWR characteristics and the
Smith charts were obtained, as shown in Fig. 49 to Fig.
56. Fig. 49, Fig. 51, Fig. 53 and Fig. 55, and Fig. 50, Fig.
52, Fig. 54 and Fig. 56 are diagrams showing the VSWR
characteristics and the Smith charts of the cases, in
which the inclination angle 6 was 0 degrees, 20 degrees,
40 degrees and 60 degrees. The solid curves indicate
the case, in which the distance d2 was 1.0 mm; the bro-
ken curves indicate the case, in which the same was 1.5
mm; and single-dotted curves indicate the case, in
which the same was 2.5 mm. On the other hand, Fig. 57
indicates the upper and lower limit frequencies suitable
for use, as obtained from those results.

[0114] As shown in Fig. 49 to Fig. 56, it is found that
the VSWR characteristics in the high frequency band
were the better for the shorter distance d2 but the VSWR
characteristics in the low frequency band were the
worse. In case the distance d2 was constant, as shown
in Fig. 57, on the other hand, it is found that the lower
limit frequency is the lower for the larger inclination an-
gle 6. From the viewpoint of satisfying the condition of
VSWR < 2.5 for the wide band from the lower limit fre-
quency of 3,100 MHz to the upper limit frequency of
10,600 MHz, on the other hand, it is found that the dis-
tance d2 is suitable within a range of 1.5 mm to 2.5 mm,
desirably about 2 mm, and that the inclination angle 6
is desired within a range of 0 degrees to 40 degrees. In
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other words, a satisfactory result is obtained, if the elec-
trode 660 is formed in such a radial shape as has a cent-
er, angle ¢ of 100 degrees (180 - 40 x 2) degrees or
more to 180 degrees (180 - 0 x 2) or less with respect
to a straight line directed from the electrode 664 (or one
end of the electrode 660) or the feeding point toward the
opposed electrode 665 (or the other end of the electrode
660).

[0115] Onthe basis of these results, the examinations
are further made on the case, in which the distance d2
was varied from 2.0 mm to 2.6 mm whereas the inclina-
tion angle 6 was varied from O degrees to 40 degrees
with the sizes of the radiation portion 620 and the sub-
strate 610 being unvaried. As a result, there were ob-
tained the VSWR characteristics and the Smith charts,
as shown in Fig. 58 to Fig. 63. Fig. 59, Fig. 61 and Fig.
63 are diagrams showing the VSWR characteristics and
the Smith charts of the cases, in which the inclination
angles were 0 degrees, 20 degrees and 40 degrees.
Solid curves, broken curves, single-dotted curves and
the double-dotted lines indicate the cases, in which the
distance d2 was 2.0 mm, 2.2 mm, 2.4 mm and 2.6 mm,
respectively. Moreover, Fig. 64 indicates the upper and
lower limit frequencies suitable for use, as obtained from
those results.

[0116] As shown in Fig. 58 to Fig. 63, it is found that
the VSWR characteristics were the better for the shorter
distance d2 but the worse for the low frequency band.
As shown in Fig. 64, it is found that the lower limit fre-
quency becomes the lower for the larger inclination an-
gle in case the distance d2 is fixed, but that the VSWR
characteristics becomes worse for the high frequency
band. From the viewpoint of satisfying the condition of
VSWR < 2.5 for the wide band from the lower limit fre-
quency of 3,100 MHz to the upper limit frequency of
10,600 MHz, on the other hand, it is found that the dis-
tance d2 is suitable wi thin arange of 2.2 mm to 2.6 mm,
more preferably within a range of 2.2 mm to 2.4 mm,
and that the inclination angle 6 is desired within a range
of 0 degrees to 20 degrees. In other words, a satisfac-
tory result is obtained, if the electrode 660 is formed in
such a radial shape as has a center angle ¢ of 140 de-
grees (180 - 20 x 2) degrees or more to 180 degrees
(180-0x 2) or less with respect to a straight line directed
from the electrode 664 (or one end of the electrode 660)
or the feeding point toward the opposed electrode 665
(or the other end of the electrode 660).

[0117] Next, twelfth and thirteenth embodiments of
the antenna device according to the invention will be de-
scribed in detail with reference to Fig. 65 and Fig. 66.
Fig. 65 and Fig. 66 are perspective views showing an
antenna device 1200 according to the twelfth embodi-
ment of the invention and an antenna device 1300 ac-
cording to the thirteenth embodiment of the invention,
respectively, in the arrangement directions of the radia-
tion conductors.

[0118] As shown in Fig. 65 and Fig. 66, the antenna
devices 1200 and 1300 are constructed to include: base
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portions 1229 and 1329 for constructing radiation por-
tions 1220 and 1320 arranged on the principal faces of
substrates 1210 and 1310; feeder lines 1230 and 1330
for inputting and outputting send-receive signals from
and to the radiation portions 1220 and 1320; feeder con-
nectors 1240 and 1340 for connecting the not-shown
feeder wires with the feeder lines 1230 and 1330; and
earthing conductors 1250 and 1350 formed both on the
regions of the principal faces of the substrates 1210 and
1310 along the feeder lines 1230 and 1330 and on the
other principal faces, respectively. In short, the twelfth
and thirteenth embodiments shown in Fig. 65 and Fig.
66 are modified by substituting coplanar lines for the mi-
cro-strip lines as the feeder lines 130 and 630 in the first
and sixth embodiments shown in Fig. 1 and Fig. 14.
[0119] According to the invention, as shown in Fig. 65
and Fig. 66, miniature wideband antenna characteristics
can be obtained even if the feeder lines 1230 and 1330
of the antenna devices 1200 and 1300 are replaced by
the coplanar lines.

[0120] In the embodiments thus far described, the
base portion of the dielectric member was given the eas-
ily manufactured column shape. However, an antenna
electrode of a stereoscopic shape may also be con-
structed by molding the base portion into a circular col-
umn shape, a conical shape, a polygon such as a reg-
ular tetrahedron or dodecahedron, a cube or an ellip-
soid, and by forming the electrodes on the base portion
molded. Moreover, the base portion may be shaped to
have cavities inside. In the foregoing embodiments, the
mono-pole structure was adopted to reduce the occu-
pation area. However, two identical antenna devices
may also be arranged at two mirror image positions to
make a dipole antenna. Moreover, the feeder line should
not be limited to the micro-strip line or the coplanar line
but may be a strip line.

[0121] Although the invention has been described on
its embodiments, it should not be limited to them in the
least. It is, however, natural that the invention could be
practiced in further various modes without departing
from its gist. For example, the antenna electrode could
be made of copper or aluminum. Moreover, this antenna
device could be used not only in the LAN device housed
in the IC card but also as the antenna for the mobile
telephone.

[0122] This application is based on Japanese Patent
application JP 2003-196496, filed July 14, 2003, and
Japanese Patent application JP 2004-179987, filed
June 17, 2004, the entire contents of which are hereby
incorporated by reference, the same as if set forth at
length.

[0123] In the specification, stereoscopic means 3-di-
mensional.

Claims

1. An antenna device comprising:
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a substrate;

a radiation portion including a dielectric block
arranged on one principal face of said substrate
and a first conductor layer formed in a stereo-
scopic shape on a surface of said dielectric
block;.and

an earthing conductor including a second con-
ductor layer provided on other principal face of
said substrate.

The antenna device according to claim 1, further
comprising a feeder line extending over a principal
face of said substrate, from a feeder portion dis-
posed at one end of said first conductor layer.

The antenna device according to claim 1, wherein
said earthing conductor is provided on a partial re-
gion on said other principal face of said substrate,
and

said radiation portion is arranged on such a
region on said one principal face as avoids a region
having said earthing conductor formed.

The antenna device according to claim 3, wherein
said first conductor layer is provided on at least such
three faces of surface of said dielectric block as ex-
cept a contact face to contact with said substrate.

The antenna device according to claim 4, wherein
said first conductor layer is provided continuously
at a portion of such a contact face in said dielectric
block as to contact with said substrate.

The antenna device according to claim 3, wherein
said first conductor layer is provided on such a con-
tact face of surface of said dielectric block as to con-
tact with said substrate and faces being adjacent to
said contact face.

The antenna device according to claim 3, wherein
said first conductor layer is provided in a radial
shape from a feeder portion disposed at one end of
said first conductor layer toward other end of said
first conductor layer.

The antenna device according to claim 3, wherein
said first conductor layer is provided in a radial
shape from a feeder portion disposed at an edge
portion of said first conductor layer away from a re-
gion having said earthing conductor formed.

The antenna device according to claim 3, wherein
said dielectric block contains at least one of alumi-
na, calcium titanate, magnesium titanate and bari-
um titanate.

The antenna device according to claim 3, wherein
said dielectric block has a specific dielectric con-
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stant of 15 or less.

The antenna device according to claim 3, wherein
said first conductor layer is provided in such a radial
shape having a center angle of 80 degrees or more
and 180 degrees or less with respect to a straight
line joining a feeder portion disposed at one end of
said first conductor layer and other end of said first
conductor layer.

The antenna device according to claim 2, wherein
said earthing conductor is further provided along
said feeder line on one principal face of said sub-
strate, and said feeder line constructs a coplanar
line.

An antenna device comprising:

an antenna elementincluding: a substrate; ara-
diation portion including a dielectric block ar-
ranged on one principal face of said substrate,
and a first conductor layer provided in a stere-
oscopic shape on a surface of said dielectric
block; an earthing conductor including a sec-
ond conductor layer formed on other principal
face of said substrate; and

a feeder line extended over one principal face
of said substrate from a feeder portion disposed
at one end of said first conductor layer,

wherein said earthing conductor is formed in
a partial region of other principal face of said sub-
strate, and said radiation portion is arranged closer
to a peripheral edge portion of said substrate and
on said one principal face corresponding to a region
avoiding said partial region having said earthing
conductor formed.

The antenna device according to claim 13, wherein
said radiation portion is arranged closer to either
one side of said substrate in a direction along a side
portion of said earthing conductor opposed to said
radiation portion across said substrate.

The antenna device according to claim 13, wherein
said first conductor layer is provided on at least such
three faces of surface of said dielectric block as ex-
cept a contact face to contact with said substrate.

The antenna device according to claim 15, wherein
said first conductor layer is provided continuously
at a portion of such a contact face in said dielectric
block as to contact with said substrate.

The antenna device according to claim 13, wherein
said first conductor layer is formed on such a con-
tact face of surface of said dielectric block as to con-
tact with said substrate and faces being adjacent to
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said contact face.

The antenna device according to claim 13, wherein
said first conductor layer is provided in a radial
shape from a feeder portion disposed at one end of
said first conductor layer toward other end of said
first conductor layer.

The antenna device according to claim 13, wherein
said first conductor layer is provided in a radial
shape from a feeder portion disposed at an edge
portion of said first conductor layer away from a re-
gion having said earthing conductor formed.

The antenna device according to claim 13, wherein
said dielectric block contains at least one of alumi-
na, calcium titanate, magnesium titanate and bari-
um titanate.

The antenna device according to claim 13, wherein
said dielectric block has a specific dielectric con-
stant of 15 or less.

The antenna device according to claim 13, wherein
said first conductor layer is provided in such a radial
shape having a center angle of 80 degrees or more
and 180 degrees or less with respect to a straight
line joining a feeder portion disposed at one end of
said first conductor layer and other end of said first
conductor layer.

The antenna device according to claim 13, wherein
said earthing conductor is further provided along
said feeder line on one principal face of said sub-
strate, and said feeder line constructs a coplanar
line.

A method for manufacturing an antenna device,
comprising:

a step of forming a dielectric member into a pre-
determined shape;

a step of forming a feeding electrode to act as
an antenna feeding portion at a predetermined
portion of said dielectric member;

a step of forming a conductor on a surface of
said dielectric member so that said conductor
is entirely formed into a stereoscopic shape
from a position of said feeding electrode back-
ward from said dielectric member; and

a step of arranging said dielectric member hav-
ing said conductor formed, on other principal
face of said substrate having an earthing con-
ductor formed.

An antenna device comprising a radiation portion
including a dielectric base portion and a 3-dimen-
sional antenna electrode formed on the base por-
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tion.

26. The antenna device of claim 25 wherein the anten-

na electrode widens from one end of the base por-
tion to the other.



EP 1 498 985 A1




FIG. 2




EP 1 498 985 A1

161

FIG. 4
— AN
120 (160)
165 125 }
161 ////// 163
162~ %
\% //
122/’ | 4} -
121 S 126
o’ 164 124
FIG. 5 160
165 i /
163 164




EP 1 498 985 A1

FIG. 6

ANTENNA DEVICE
MANUFACTURING METHOD

Y

CUT OUT DIELECTRIC MATERIAL |—__s10
IN PREDETERMINED SHAPE
Y
SCREEN PRINT ELECTRODES S20
WITH SILVER PASTE
Yy
SINTER AT 850°C S30

Y

( END )

FIG. 7

21



EP 1 498 985 A1

SPECIFIC
DIELECTRIC| BAND
FIG 8 CONSTANT | GHz
. Er
13 8
15 7.6
21 55
9t | 34 3.1
75| 45 2.3
F o6
(O]
= 45
o 3 L
151
0 1 1 1 1 i
0 10 20 30 40 50
Er
g VSWR
MAX
FIG 9 0 1.9412
. 10 1.8813
20 1.7381
30 1.7804
40 1.8488
= 50 1.9791
=
=
=
=
2
i
e
= 161
=
£ 14 b

22



g e 220 (260) h
261 263 ’SQ 267
N Zgi ;?f’/96 %
< 7
| ‘ééééé { ’
251//// 223 QZL
) )
264 224
FIG. 11
4 335 325 320 (360) h
vz )
362~ 7 1
LT
/ < /
g .
322//// ’ ’ ”¢%¢
T YY)
321 T2 323 366 326

324 324



EP 1 498 985 A1

FlG. 12
4 465 45 420 (460)
461 /// 423 }
462 % 4
\/ /
Z %
s U 2% ’\
421 % 423 426
) )
sy 424
FIG. 13
. 5()55 525 520 (560)
%1 5§3 }
562 \é y/ Z
sz | 3
521 ;(/ f) 523 526
spa 924

24



EP 1 498 985 A1

FIG. 14

629 (620)

25

600

Wr2 /



EP 1 498 985 A1

FIG. 15 600
610 /

650

26



VSWR

3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0

EP 1 498 985 A1

FIG. 17

1 | | 1 1 I 1

FREQ. (0.00 to 12.00GHz)

27



EP 1 498 985 A1

LOWER LIMIT UPPER LIMIT
FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 [ VSWR<2.5
45mm 3200 2970 12000 12000
70mm 3240 3020 11000 11000
100mm 3190 2970 11000 11000
SPEC 3100 3100 10600 10600
VSWR
3.0 - ‘
2.8 “
26— B
0q ] 1\
] W\
22 R _
& ] lwr 7N
2.0 = ‘\\“\ A b Y
1.8 — L "//7\\“‘:7*,\- 7
16— Y Bt f
14 (A A/
Ei W,
1.0 I T T I t ﬁ/
0 2 4 6 8 10 12

FREQ. (GHz)

28




EP 1 498 985 A1

FREQ. (0.00 to 12.00GHz)

FIG. 22

LOWER LIMIT UPPER LIMIT
FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5
30mm 3280 3140 12000 12000
40mm 3200 2970 12000 12000
50mm 3860 3420 12000 12000
SPEC 3100 3100 10600 10600

29




EP 1 498 985 A1

FIG. 23
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LOWER LIMIT UPPER LIMIT
d1 FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5
2mm 3200 2970 12000 12000
9mm 3540 3390 7830 8600
16mm(center) 3630 3510 5170 5420
SPEC 3100 3100 10600 10600
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FREQ. (0.00 to 12.00GHz)

FIG. 28
LOWER LIMIT UPPER LIMIT
d2 FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5
Omm 5130 4710 6940 7370
1mm 3200 2970 12000 12000
2mm 2880 2730 6190 6590
SPEC 3100 3100 10600 10600
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FIG. 29 720 (760)
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FiG. 33
LOWER LIMIT UPPER LIMIT
FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5
6TH EMBODIMENT | 3170 2950 6840 12000
7TH EMBODIMENT | 3080 2900 6580 12000
8TH EMBODIMENT | 3270 3010 6930 12000
SPEC 3100 3100 10600 10600
FIG. 34

920 (960)
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FIG. 35
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FREQ. (0.00 to 12.00GHz)

FIG. 38

LOWER LIMIT UPPER LIMIT

FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5

6TH EMBODIMENT | 3170 2950 6840 12000
9TH EMBODIMENT | 3210 2980 6740 12000
10TH EMBODIMENT| 3020 2850 12000 12000
SPEC 3100 3100 10600 10600
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FIG. 39
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FREQ. (0.00 to 12.00GHz)

FIG. 42
LOWER LIMIT UPPER LIMIT
FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5
6TH EMBODIMENT | 3170 2950 6840 12000
11TH EMBODIMENT| 3190 2960 6830 12000
SPEC 3100 3100 10600 10600
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LOWER LIMIT UPPER LIMIT
FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<25 | VSWR<2.2 | VSWR<2.5
UPPEROPENTYPE| 3140 3040 10820 10930
LOWER OPEN TYPE| 3040 2920 7400 7700
SPEC 3100 3100 10600 10600
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FIG. 47

FREQ. (0.00 to 12.00GHz)

FIG. 48
LOWER LIMIT UPPER LIMIT
FREQUENCY (MHz) FREQUENCY (MHz)
VSWR<2.2 | VSWR<2.5 | VSWR<2.2 | VSWR<2.5
UPPER OPENTYPE| 3200 2970 12000 12000
LOWER OPEN TYPE| 3070 2890 11710 11910
SPEC 3100 3100 10600 10600
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FIG. 49
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FIG. 51
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FIG. 55
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FIG. 57
Oldeg) | a2mm) | EREQUENGY (He) | FREGUENGY (o)

0 1.0 3550 12000
0 1.5 3200 12000
0 2.0 3000 12000
0 25 2880 12000
20 10 3420 12000
20 1.5 3140 12000
20 2.0 2970 12000
20 2.5 2840 12000
40 1.0 3320 12000
40 1.5 3060 12000
40 20 2910 12000
40 25 2800 6400
60 1.0 3220 12000
60 15 3060 6800
60 20 2910 6360
60 25 2810 6070

SPEC 3100 10600
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FIG. 58
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FIG. 62
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FIG. 64
09 | MM | EREQUENGY (W) | FREGUENCY (e

0 2.0 3284 12000
0 29 3149 12000
0 24 2961 12000
0 2.6 2759 12000
20 20 3172 12000
20 2.2 3028 12000
20 24 2972 12000
20 26 2728 6625
40 2.0 3043 6911
40 22 2929 6625
40 2.4 2825 6449
40 26 2728 6394

SPEC 3100 10600

51







EPO FORM 1503 03.82 (P04C01)

EP 1 498 985 A1

0’) European Patent  \;ROPEAN SEARCH REPORT
Office

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 04 25 4217

* figures 4-6,13 *
* paragraphs [0120] - [0150] *

-/_..

The present search report has been drawn up for ali claims

Catego Citation of document with indication, where appropriate, F!ele\{ant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (Int.CL.7)
X US 2002/113736 Al (TOUTAIN YANN ET AL) 1,4,25 | HO1Q9,/04
22 August 2002 (2002-08-22) HO1Q1/38
Y * figures 1,14-16 * 2,3,6,9,| HO1Q1/36
10,
12-15,
17,20,
21,23
* paragraphs [0031], [0051], [0052] *
Y EP 0 762 533 A (MURATA MANUFACTURING CO) |2,3,6,
12 March 1997 (1997-03-12) 10,
12-15,
17,20,
21,23
* abstract; figures 1,2 *
* page 3, lines 13-25 *
X US 6 408 190 Bl (YING ZHINONG) 1,4,25
18 June 2002 (2002-06-18)
* figure 3 *
* ] - 3 *
column 5, line 24 __E?]umn 6, line 26 ;Eﬂ%ﬁﬁé”ﬂﬁﬁqg)
Y US 2002/167446 Al (GOTO KAZUHIDE ET AL) (9 HO1Q
14 November 2002 (2002-11-14)
* abstract *
* paragraph [0039] *
Y US 2002/101382 Al (KONISHI TAKAYOSHI ET |2,3,6,9,
AL) 1 August 2002 (2002-08-01) 10,
12-15,
17,20,
21,23

Place of search Date of completion of the search

Munich 6 October 2004

Examiner

Unterberger, M

X : particularly relevant if taken alone
Y : particularly relevant if combined with another

A : technological background
QO : non-written disclosure
P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document of the same category

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

53




EPO FORM 1503 03.82 (P04CO01)

EP 1 498 985 A1

Q) E:fl;::ean Patent EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 04 25 4217

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (Int.CL7)

GB 2 316 233 A {DASSAULT ELECTRONIQUE)
18 February 1998 (1998-02-18)

* page 3, line 34 - page 4, line 24 *

* figure 2b *

US 2003/058176 Al (AYALA ENRIQUE ET AL)
27 March 20063 (2003-03-27)

* abstract; figures 1,2 *

* paragraphs [0013] - [0017] *

EP © 634 808 A (BALL CORP)

18 January 1995 (1995-01-18)

* column 5, line 24 - column 7, line 26 *
* figures 1,5,9 *

US 2002/163470 Al (ONAKA KENGO ET AL)

7 November 2002 (2002-11-07)

* figures 4-6,10 *

* paragraphs [0082] - [0692], [0127] *

The present search report has been drawn up for all claims

25,26

1-26

1-26

1-26

TECHNICAL FIELDS
SEARCHED  (Int.CL7)

Place of search Date of completion of the search

Munich 6 October 2004

Examiner

Unterberger, M

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

X: particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L. : document cited for other reasons

& : member of the same patent family, corresponding
document

54




EPO FORM P0459

EP 1 498 985 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 04 25 4217

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

06-10-2004
Patent document Publication Patent famity Publication
cited in search report date member(s) date
US 2002113736 Al 22-08-2002  FR 2818811 Al 28-06-2002
EP 1346442 Al 24-09-2003
WO 02052680 Al 04-07-2002
EP 0762533 A 12-03-1997 JP 9064628 A 07-03-1997
EP 0762533 A2 12-63-1997
UsS 5767817 A 16-06-1998
US 6408190 Bl 18-06-2002 AT 265094 T 15-05-2004
AU 6572800 A 26-03-2001
CN 1384986 T 11-12-2002
DE 60010099 D1 27-05-2004
DE 60010099 T2 02-09-2004
W0 0117063 Al 08-03-2001
EP 1212808 Al 12-06-2002
JP 2003516650 T 13-05-2003
US 2002167446 Al 14-11-2002 JP 2002325014 A 08-11-2002
CN 1383344 A 04-12-2002
US 2003189520 Al 09-10-2003
US 2002101382 Al 01-08-2002 JP 2002232223 A 16-08-2002
W 522609 B 01-03-2003
GB 2316233 A 18-02-1998 FR 2751471 Al 23-01-1998
IT T0910927 Al 15-06-1992
US 2003058176 Al 27-03-2003  NONE
EP 0634808 A 18-01-1995 US 5442366 A 15-08-1995
CA 2126931 Al 14-01-1995
EP 0634808 Al 18-01-1995
US 2002163470 Al 07-11-20602 JP 2002330025 A 15-11-2002
CN 1384686 A 11-12-2002
DE 10219654 Al 05-12-2002
GB 2380324 A ,B 02-04-2003

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

55



	bibliography
	description
	claims
	drawings
	search report

